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© Treadle assembly. 



@ A treadle assembly is provided comprising a 
resilient envelope adapted to be disposed in a road- 
way, and one or more flexible circuits disposed 
therein. Said flexible circuits each comprise an elec- 
trically conductive deformable elastomeric layer, a 
flexible spacer sheet having at least one opening 
therein and a contact means, said spacer sheet 
being interposed between the elastomeric layer and 
the contact layer. When pressure is applied, e.g. 
when a vehicle passes over the circuit, the 
elastomeric layer will deflect to engage the contact 
means through each of the openings in the spacer 



as the vehicle passes over that opening, forming a 
closed circuit. Due to the resiliently deformable na- 
ture of the elastomer, the elastomer will immediately 
return to its initial position when the weight of the 
vehicle is removed, reopening the circuit. In a pre- 
ferred embodiment of the invention, the elastomeric 
layer, spacer, and contact layer are disposed within 
a substantially flat envelope, formed of superim- 
posed sheets of a resilient flexible material which are 
joined at their edges. This envelope prevents attack 
by water, sand and road salts and provides support 
for the contact means. 
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BACKGROUND OF THE INVENTION 



This invention relates generally to treadles 
which may be used in roadways to sense vehicular 
traffic flow. The invention is more particularly di- 
rected to a treadle assembly containing sealed 
therein a flexible circuit treadle apparatus designed 
to resist water and salts, to be longer lasting, easily 
replaceable, and difficult for vehicles to bypass. 

Conventional treadle assemblies generally 
comprise a rubber treadle envelope containing a 
pair of contact strips, which are generally heavy 
metal plates, arranged to actuate a counter, there- 
by providing a record of the passage of vehicles 
over a predetermined section of the roadway. 

Treadles have generally been utilized for 
counting of vehicular traffic and are conventionally 
disposed transversely on a roadway lane so that 
vehicles in that lane must pass over the treadle. 
Quite often treadles are placed at toll plazas which 
may be at a bridge, tunnel, expressway or the like. 

Treadles located at such installations are sub- 
jected to extreme wear and corrosion as a result of 
vehicles repeatedly rolling over the same portions 
of the treadle, and also as a result of frequent 
exposure to water, salt and other environmental 
factors. Consequently, the treadles must be fre- 
quently replaced. 

It is the general practice to replace the treadle 
assembly as soon as the metal contacts show 
signs of significant wear. As the treadle assembly 
is heavy and unwieldy, replacement thereof re- 
quires the efforts of several workers for a period of 
up to a few hours. 

Conventional treadle assemblies also are stiff, 
and thus do not always make contact when de- 
pressed, and may be bypassed by vehicles as a 
result of wide spacing between the contact areas. 
Furthermore, conventional treadles, which generally 
comprise a single pair of contacts, are unable to 
differentiate between different tire sizes, such as 
motorcycle, automobile or truck, tires, i.e. they can- 
not provide a "footprint" of a passing vehicle. 

Various attempts have been made in the past 
to provide a more sensitive, lightweight treadle 
apparatus. For example, U.S. Patent No. 4,839,480 
discloses a vehicle sensing device comprising an 
electrically insulating elongate carrier with two elec- 
trical conductors extending longitudinally of the 
carrier and spaced apart transversely of the carrier 
so that there is no direct contact between the 
conductors. A strip of elastomeric material overlies 
both conductors and is in contact therewith in areas 
distributed along substantially the whole of their 
length. In the absence of a given level of applied 
pressure the strip forms a barrier of high electrical 
resistance between the conductors, and in the 



presence of applied pressure above the given level 
in any region of the strip, that region of the strip 
forms an electrically conductive path between the 
conductors. U.S. Patent No. 4,401 ,896 discloses a 

5 mechanical pressure switch comprising an elec- 
trically insulative separator having a hole formed 
therethrough, interposed between a pair of switch 
contacts, with a cover of insulative material cover- 
ing the switch contacts. However, while both of 

10 these devices are useful for detecting vehicles, 
neither may be used over a long period of time or 
under a heavy flow of traffic. Thus if these devices 
were to be used in a highway roadbed, or other 
area of heavy traffic flow, frequent, labor-intensive 

75 replacement would be required. 

Thus, it has been desired to provide a novel 
treadle assembly containing a lightweight flexible 
circuit which would pressure sensitive, durable, and 
easy to replace. It would be advantageous to pro- 

20 vide such a circuit which would be difficult to 
bypass, and able to provide a "footprint" of a 
vehicle. Furthermore, it has been desired to pro- 
vide such a circuit in a treadle assembly which 
would be highly resistant to water, road salt and 

25 other environmental factors, and longer lasting than 
conventional treadle assemblies. 

There has also been a need for a method of 
economically manufacturing such a flexible circuit 
treadle apparatus. 

30 

SUMMARY AND OBJECTS OF THE INVENTION 



35 The present invention relates to a treadle as- 
sembly comprising a resilient envelope adapted to 
be disposed in a roadway, and one or more flexible 
circuits disposed therein. Said flexible circuits each 
comprise an electrically conductive deformable 

40 elastomeric layer, a flexible spacer sheet having at . 
least one opening therein and a contact means, 
said spacer sheet being interposed between the 
elastomeric layer and the contact layer. Thus, when 
pressure is applied, e.g. when a vehicle passes 

45 over the circuit, the elastomeric layer will deflect to 
engage the contact means through each of the 
openings in the spacer as the vehicle passes over 
that opening, forming a closed circuit. Due to the 
resiliently deformable nature of the elastomer, the 

50 elastomer will immediately return to its initial posi- 
tion when the weight of the vehicle is removed, 
reopening the circuit. In a preferred embodiment of 
the invention, the elastomeric layer, spacer, and 
contact layer are disposed within a substantially flat 

55 envelope, formed of superimposed sheets of a 
resilient flexible material which are joined at their 
edges. This envelope prevents attack by water, 
sand and road salts and provides support for the 
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contact means. The circuit may also preferably 
comprise a second contact layer, disposed such 
that the elastomeric layer is disposed between the 
spacer and the second contact means. 

It is an object of the invention to provide a s 
treadle assembly comprising a resilient envelope 
adapted to be disposed in a roadway and one or 
more flexible circuits disposed therein, said flexible 
circuits comprising an electrically conductive 
elastomeric layer, a contact means, and a flexible io 
spacer having at least one opening therein dis- 
posed therebetween, such that the elastomer and 
contact means engage under weight of a vehicle 
passing over the treadle to close the circuit, and 
disengage to open the circuit when not subject to 75 
said weight. 

A further object of the invention is to provide a 
lightweight treadle apparatus which is resistant to 
corrosion by water and road salt, is durable and 
long lasting, and is easily replaced. 20 

Another object of the invention is to provide a 
treadle apparatus having a plurality of contact 
areas, spaced apart in a configuration which is 
difficult to bypass and may be used to provide a 
"footprint" of a passing vehicle. 25 

Yet another object of the invention is to provide 
a treadle switch assembly which is more sensitive 
to pressure than prior art assemblies thereby pro- 
viding a more accurate count of vehicular traffic 
flow. 30 

In its method aspects, the present invention 
relates to a method of economically producing a 
flexible circuit according to the invention by con- 
tinuously laminating a flexible circuit of any desired 
length, and subsequently cutting the circuit into 35 
sections having lengths as required for use in trea- 
dle assemblies. 

The invention further relates to a method of 
detecting vehicles on a roadway utilizing a treadle 
assembly of the invention. 40 

Additional objects and advantages will become 
apparent to those skilled in the art as the descrip- 
tion proceeds in connection with the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a top planar view of the flexible 50 
circuit according to one embodiment of the inven- 
tion; 

Rgure 2 is a top view of the top and bottom 
sheets of the flexible circuit according to one em- 
bodiment, with the contact means disposed adja- 55 
cent the top sheet and the elastomeric layer dis- 
posed adjacent the bottom sheet. 

Rgure 3 shows the spacer means according 



to one embodiment of the invention. 

Figure 4 shows the spacer means according 
to an alternate embodiment of the invention. 

Figure 5 is a cross-sectional view of a trea- 
dle switch assembly according to one embodiment 
of the invention, having two flexible circuits dis- 
posed therein. 

DETAILED DESCRIPTION OF THE INVENTION 



Referring to Figure 1 there is shown a flexible 
circuit 10 according to one preferred embodiment, 
and embodying the principles of the invention. The 
circuit preferably has a length sufficient to extend 
substantially across an entire lane of roadway when 
sealed in the treadle assembly. Generally, this 
length is at least from about eight feet to about 
twelve feet. Said circuit apparatus is sealed at its 
horizontal edges 1 1 . Prior to sealing, leads 23 are 
attached, to the contact means and/or to the 
elastomeric layer, as desired. When the leads are 
to be attached to a solderable surface, e.g. a metal 
or solderable-ink contact means, it is preferred to 
solder the leads; when attachment is made to the 
elastomeric layer, or a non-solderable contact 
means, other conventional methods may be used, 
e.g. conductive adhesive. The leads may be en- 
capsulated at the point of attachment with an ap- 
propriate sealant, to further protect the leads from 
corrosion and contamination by road salt, etc. Said 
leads generally run into a cable such as flat cable 
22 which may be connected to an electronic count- 
ing means, or any other detecting means, e.g. 
means for determining the weight or size of a 
vehicle. The elements of Rgure 1 will be explained 
in conjunction with Rgure 2 and Rgure 3, which 
show the separate layers of the circuit prior to 
assembly. Figure 2 shows top and bottom sheets 
of flexible material, 11A and 11B, which will be 
sealed together at the horizontal edges 11, as 
shown in Rgure 1. Also shown in Rgure 2 are 
contact means 12 and elastomeric layer 16 which 
are adjacent top sheet 11A and bottom sheet 11B 
respectively. Figure 2 shows one embodiment of 
the invention, in which the contact means com- 
prises six contact strips 12. The contact means 
may comprise a continuous contact area or sheet, 
or any desired number of distinct contact strips, as 
shown. From about 3 to 10 contact strips are 
preferred, with from 3 to 10 corresponding open- 
ings in the spacer, such that the contact strips 
engage with the conductive elastomer in series. 
This is useful in determining the direction of traffic 
and other related information. The contact means 
may comprise any electrically conductive material, 
as described in detail hereinbelow. In Fig. 2, the 
optional second contact means is not shown. The 



3 



5 



EP 0 392 736 A2 



6 



leads 23 may be attached to the elastomeric layer 
16 rather than to the contacts and thus the pres- 
ence of the second contact is not critical. However, 
it is preferred to provide a second contact means 
adjacent the bottom sheet in order to provide a 
ground plane, to improve the conductivity of the 
circuit and facilitate attachment of the leads. Figure 
3 shows the spacer 14 which separates the mov- 
able contacts 12 from the elastomeric layer 16. The 
spacer 14 contains open areas 15, which in this 
embodiment of the invention are arranged in a 
diagonal row which forms an angle of approxi- 
mately 45 degrees with the length of the spacer 14. 
Said open areas may be rectangular, as shown in 
Figure 3, square, oval or of any other useful shape. 
In a preferred embodiment of the invention these 
diagonal rows form an angle of from about 0 to 
about 55 degrees with the length of the spacer and 
said rows are spaced from about two to about five 
inches apart. This arrangement of open areas pro- 
vides contact areas over a large area of the treadle 
apparatus, thereby making the treadle difficult for 
vehicles to bypass. Furthermore, such an arrange- 
ment of openings allows the circuit to provide a 
"footprint" of a passing vehicle, as a different num- 
ber of engagements between the contact means 
and eiastomeric layer will be made depending 
upon the tire width. However, other arrangements 
would be within the principles of the invention. For 
example, in another embodiment the open areas 
are arranged as shown in Figure 4. Any desired 
number of openings may be used. 

In Figure 5 a cross-sectional view is shown of 
the assembled treadle apparatus 17 having two 
flexible circuits 10 disposed therein. Like parts are 
numbered corresponding to Figures 1-3. In this 
embodiment an additional, optional second contact 
means 13 is present in each flexible circuit 10. 
Second contact means 13, like contact means 12, 
may comprise a single contact sheet or a plurality 
of contact strips. It should be noted that the layers 
are superimposed such that the contact strips 12 
are aligned with the open areas 15 of the spacer. In 
an embodiment wherein the second contact means 
comprises multiple contact strips, instead of a sin- 
gle contact sheet, said second contact strips would 
also be aligned with contact strips 12 and open 
areas 15. 

In a preferred embodiment of the invention the 
layers shown in Figure 5 have the following thic- 
knesses: top and bottom sheets 11 A and 11 B are 
of approximately equal thickness, from about 0.002 
inches to about 0.030 inches and preferably about 
0.005 inches; movable contacts 12 and fixed con- 
tact 13 are of approximately equal thickness, from 
about 0.002 inches to about 0.020 inches and pref- 
erably about 0.002 inches; spacer sheet 14 Is of a 
thickness of from about 0.004 inches to about 



0.030 inches and preferably about 0.010 inches, 
and the conductive elastomeric sheet 16 is from 
about 0.010 inches to about 0.100 inches and pref- 
erably about 0.020 inches. 
5 Preferably, the top and bottom sheets 11 A and 

B and spacer sheet 14 are of a flexible resilient 
material, for example a flexible plastic film. Most 
preferred is polyester sheet material known as 
Mylar® film. 

70 Both the contact means and the optional sec- 
ond contact means may comprise any electrically 
conductive material, such as a conductive ink, con- 
ductive elastomer, or metal film. Preferably the 
contact means comprise a metal sheet or foil, e.g. 

rs tin plated copper, copper, stainless steel, silver 
plated copper, nickel, and other conductive metal 
foils. Preferably, the contact means, and optionally 
the second contact means, are permanently lami- 
nated to their respective top or bottom sheet. More 

20 preferably, the contact means are formed by lami- 
nating a solid metal foil to the top or bottom sheet 
and then cutting the foil with a rotary cutter to 
create multiple contact strips. 

The condutive elastomeric sheet may be any 

25 type of electrically conductive deformable 
elastomeric material, e.g. a silicone elastomer, nat- 
ural or synthetic rubbers, urethanes, fluorinated 
elastomers and the like. The elastomer may be 
filled with any conductive filler, such as silver, 

30 silver plated filters, copper, nickel, graphite, carbon 
black, and mixtures thereof. Such conductive 
sheets are well known and commercially available, 
such as CHO-SEAL®, CHO-SIL® or CHO-FOAM® 
conductive sheet stock, available from Chomerics, 

35 Inc. 

The layers of the circuit are preferably sealed 
at edges 11 in order to prevent the intrusion of 
water and other contaminants. This could be ac- 
complished using various joining methods well 

40 known to those skilled in the art; a preferred meth- 
od is by application of a pressure sensitive adhe- 
sive. Pressure sensitive adhesive may also be used 
to bond the contact means to the bottom and top 
sheets respectively, and to bond the spacer sheet 

45 to Its adjacent layers. 

In the embodiment shown in Figure 5, the 
treadle assembly comprises two flexible' circuits 10 
disposed within a treadle envelope of resilient 
elastomeric material. The resilient treadle envelope 

so can be formed of various elastomeric materials 
such as natural or synthetic rubbers or synthetic 
elastomers using conventional methods. In this em- 
bodiment the envelope is formed of neoprene rub- 
ber which is laminated using a neoprene cement. 

55 Top and bottom pieces 18 are laminated at their 
edges to end pieces 19 and at their centers to 
spacer 21 , leaving two openings 20 into which the 
treadle switches 10 are placed. The length of the 
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outer resilient envelope formed by 18, 19 and 21 is 
approximately equal to that of the treadle circuits 
10. The width of the outer envelope will be deter- 
mined by the number of treadle circuits 10 to be 
used, which may be one or more as well as the 
width required or desired by the user. Other dimen- 
sions are not critical and may be varied to adapt 
the treadle switch assembly 17 to be disposed in a 
given roadway surface. In a typical embodiment 
the elements of the treadle apparatus 17 have the 
following dimensions: top and bottom pieces 18 are 
10.5 inches wide by 100 inches long by 0.50 
inches thick; end pieces 19, disposed between top 
and bottom pieces 18, are 2.0 inches wide by 100 
inches long by 0.050 inches thick; spacer 21 is 
0.50 inches wide by 100 inches long by 0.050 
inches thick. When pieces having the aforemen- 
tioned dimensions are laminated in the arrange- 
ment shown in Figure 5 two openings 20 are pro- 
vided having dimensions three inches wide by 100 
inches long by 0.050 inches deep Into which two 
treadle circuits 10 are placed. 

In other embodiments, the treadle envelope 
may be an integrally extruded elastomer, an 
elastomer extruded or molded directly onto a metal 
plate, or other types of resilient envelopes. 

Since the flexible circuits are completely seal- 
ed, they may be used, without an outer envelope, 
as the treadle assembly itself. However, it is pre- 
ferred to include the outer envelope in order to 
further render the treadle resistant to wear, water, 
road salt and other environmental factors. 

The flexible circuit of the present invention may 
be manufactured easily and economically. A pre- 
ferred method of manufacturing the circuit com- 
prises the steps of laminating a metal foil to a 
flexible sheet material having at least twice the 
width of the finished circuit, removing areas of the 
metal foil in order to provide a desired configura- 
tion of contact means, superimposing a flexible 
spacer sheet having at least one opening therein 
over the contact means, superimposing an elec- 
trically conductive elastomeric layer over the spac- 
er sheet, folding the flexible sheet material length- 
wise around the spacer and elastomeric layer to 
form an envelope, and sealing the edges of the 
envelope. It is advantageous to provide the flexible 
sheet material and the metal foil in roll form and 
laminate the two layers together by calendaring, 
either using a pressure sensitive adhesive or fusion 
bonding. Preferably, the contact configuration is 
formed by rotary cutting the metal foil while leaving 
the underlying flexible sheet intact, then peeling 
the unwanted metal foil from the laminate. It is 
generally helpful to heat the laminate prior to peel- 
ing away the foil. It is also preferred to perforate 
the sheet where the fold is to be made prior to 
folding. In an alternate embodiment of the inven- 



tion, instead of folding the flexible sheet to form the 
envelope, the sheet may be cut lengthwise to form 
first and second sheets having substantially the 
same width. This step is preferably performed after 

5 the removal of areas of the foil to form the contact 
configuration. The spacer sheet is then superim- 
posed over the contact means on the first sheet, 
the elastomeric layer superimposed over the spac- 
er, and the second sheet superimposed over the 

to elastomeric layer such that the contact means on 
the second sheet face the elastomeric layer, and 
the first and second sheets are sealed at their 
edges to form an envelope. The edges of the 
envelope may be sealed by providing a double 

75 sided pressure sensitive adhesive on the spacer 
sheet, by heat sealing, or by other known sealing 
methods. It is particularly preferred that the entire 
spacer sheet be coated with pressure sensitive 
adhesive such that not only are the edges of the 

20 envelope sealed, but also the contacts and the 
elastomeric layer are sealed to their respective 
sides of the spacer sheet. This improves the stabil- 
ity of the circuit layers and the resistance of the 
circuit to water and other contaminants. It is also 

25 preferred that the flexible sheet be maintained sub- 
stantially flat, e.g. by placing it on a flat surface, 
while the other layers are being superimposed 
thereupon, and while the edges of the envelope are 
being sealed. 

30 The treadle apparatus of the invention may be 
used for a variety of functions, such as counting 
vehicles on a roadway, measuring the "footprint" of 
passing vehicles, and counting the number of axles 
of a vehicle. A preferred method of utilizing a 

35 treadle apparatus of the invention to detect vehicles 
comprises the steps of placing the apparatus in a 
roadbed, and providing electrical attachment be- 
tween the apparatus and a detecting means. 

While preferred embodiments of this invention 

40 have been described in detail hereinabove, it is to 
be understood that many changes and modifica- 
tions may be made by those skilled In the art 
without departing from the scope and spirit of this 
invention. 

45 

Claims 

1. A flexible circuit treadle apparatus compris- 
50 ing: an electrically conductive deformable 
elastomeric layer (16), preferably having a thick- 
ness of from 0.25 mm (0.01 ") to 2.54 mm (0.1 "); a 
contact means (12); and a flexible spacer sheet 
having therein at least one open area (15), prefer- 
55 ably several of them arranged in rows, and more 
preferably extending diagonally across said spacer 
sheet, forming an angle of up to 55* with its 
length; said spacer sheet being interposed between 
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said elastomeric layer and said contact means 
such that when pressure is applied to the circuit 
the elastomeric layer deforms through the open 
area in the spacer sheet to engage the contact 
means. 

2. Treadle apparatus according to claim 1 , fur- 
ther comprising superimposed top and bottom 
sheets (11 A, 11B) of resilient flexible material, seal- 
ed at their edges to form an envelope around said 
elastomeric layer, said contact means and said 
spacer sheet. 

3. Treadle apparatus according to either of 
claims 1 and 2 when enclosed in a resilient en- 
velope adapted to be disposed in a roadway. 

4. Treadle apparatus according to claim 3 
when appendant to claim 2, wherein there are 
several of said circuits each disposed between 
respective said superimposed top and bottom 
sheets of resilient flexible material, and all enclosed 
in said resilient envelope. 

5. Treadle apparatus according to claim 3 or 4, 
wherein said resilient envelope is extruded. 

6. Treadle apparatus according to either of 
claims 3 and 4, wherein said resilient envelope is 
moulded. 

7. Treadle apparatus according to any one of 
claims 3 to 6, wherein said resilient envelope com- 
prises rubber and a metal plate. 

8. Treadle apparatus according to any one of 
claims 3 to 7, wherein said resilient envelope is a 
laminated rubber. 

9. Treadle apparatus according to any one of 
claims 1 to 8, further comprising one or more 
electrical leads connected to the flexible circuit to 
supply a signal to a detecting means. 

10. Treadle apparatus according to any one of 
claims 1 to 9, further comprising a second contact 
means (13) disposed such that the elastomeric 
layer is disposed between the spacer sheet and 
said second contact means. 

1 1 . Treadle apparatus according to any one of 
claims 1 to 10, wherein the or at least one of said 
contact means comprises a sheet of metal foil, 
preferably of tin plated copper, copper, silver plat- 
ed copper, nickel or stainless steel. 

12. Treadle apparatus according to any one of 
claims 1 to 10, wherein said contact means com- 
prises an electrically conductive ink, 

13. Treadle apparatus according to any one of 
claims 1 to 10, wherein said contact means com- 
prises an electrically conductive elastomeric layer. 

14. Treadle apparatus according to any one of 
claims 1 to 10, wherein said contact means com- 
prises a plurality of preferably from three to ten, 
contact strips. 

15. Treadle apparatus according to any one of 
claims 1 to 14, wherein said elastomeric layer 
comprises ah elastomer selected from silicones, 



natural and synthetic rubbers, fluorinated 
elastomers and urethanes, and a conductive filler 
selected from copper, silver-plated copper, nickel, 
carbon black, silver, graphite and mixtures thereof. 
5 16. Treadle apparatus according to any one of 

claims 1 to 15, wherein the spacer sheet is of a 
thickness of from about 4 mils to about 30 mils, 
preferably from about 2 mils to about 20 mils. 

17. Treadle apparatus according to any one of 
70 claims 1 to 16, wherein the spacer sheet is a 

flexible plastic film. 

18. A method of manufacturing a flexible circuit 
treadle apparatus comprising the steps of: laminat- 
ing a metal foil to a flexible sheet material having at 

15 least twice the width of the finished circuit; remov- 
ing areas of the metal foil in order to provide a 
desired configuration of contact means; superim- 
posing a flexible spacer sheet having at least one 
opening therein over the contact means; superim- 

20 posing an electrically conductive elastomeric layer 
over the spacer sheet; disposing the flexible sheet 
material around the spacer and elastomeric layer to 
form an envelope; and sealing the edges of the 
envelope. 

25 19. A method according to claim 18, and in- 
cluding the step of cutting the flexible sheet length- 
wise to form first and second sheets having sub- 
stantially the same width; superimposing the flexi- 
ble spacer sheet over the contact means while on 

30 the first sheet; and superimposing the second 
sheet over the elastomeric layer, such that the 
contact means on the second sheet face the 
elastomeric layer. 

20. A method according to claim 18 or 19, 
35 wherein the flexible sheet material and the metal 

foil are provided in roll form and the flexible sheet 
and metal foil are laminated together by calen- 
daring. 

21. A method according to any one of claims 
40 18 to 20 comprising using a pressure sensitive 

adhesive to laminate the flexible sheet and the 
metal foil. 

22. A method according to any one of claims 
18 to 20, wherein the flexible sheet material and 

45 metal foil are fusion bonded. 

23. A method according to any one of claims 
18 to 22, wherein the configuration of the contact 
means is formed by rotary cutting the metal foil 
while leaving the flexible sheet intact and then 

so peeling away the unwanted metal foil. 

24. A method according to claim 23, wherein 
the flexible sheet and metal foil are heated prior to 
peeling. 

25. A method according to claim 18, wherein 
55 the envelope is formed by folding the flexible sheet 

in half lengthwise such that said sheet surrounds 
the spacer, contacts and elastomeric layer. 

26. A method according to claim 25, wherein 
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the flexible sheet is perforated prior to folding. 

27. A method according to any one of claims 
18 to 26, wherein the envelope is sealed by provid- 
ing a double sided pressure sensitive adhesive on 

the spacer sheet. 5 

28. A method according to claim 27, wherein 
substantially the entire spacer sheet is coated with 
pressure sensitive adhesive. 

29. A method according to any one of claims 

18 to 26, wherein the envelope is sealed by heat 10 
sealing the edges of the flexible sheet 
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